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Description 

This invention relates to portable radio telephones 
and particularly but not exclusively to such telephones 
tor communication with base stations in a digital cellular 
radio telephone system employing transmission by a 
plurality of carrier frequencies in frames, such as TDMA 
frames, each consisting of a predetermined number of 
time slots: The invention also relates to a method of op- 
eration of such radiotelephones, frequently called hand- 
sets. 

Each cell of a cellular system is supported by a base 
station. Each base station has a maximum capacity. In 
order to increase the capacity of the system another 
base station can be added. This increases the maximum 
number of concurrent users. In systems in which two 
base stations can operate with overlapping cells, more 
than one base station can provide coverage for a par- 
ticular area if the concentration of users is high. 

Handsets are in communication with a base station 
via an available over the air communication channel. Al- 
location of a channel to a handset when a connection is 
first required is called "call set-up n . In order to set up a 
call the handset must be in 'idle lock' i.e. monitoring the 
system with no call in progress. When a traffic channel 
has been assigned the handset is in 'active lock'. When 
a change in channel is required during a call to maintain 
call quality this is termed "handover". Handover can ei- 
ther be to a different channel at the same base station 
(intracell) or to a different channel at a different base 
station (intercell). 

If a handset carries channel selection algorithms, in 
both idle and active lock the handset scans the available 
channels to gain information useful for call set up or 
handover. The Radio Signal Strength Indicator (RSSI) 
of each channel is monitored at regular time intervals 
and the measured signal strengths are stored in a chan- 
nel list. 

The RSSI information indicates to the handset 
which channels have bearers. A high RSSI indicates a 
bearer. This is not foolproof as a high RSSI may also be 
the result of noise or interference between channels but 
it is a good guide. The RSSI information alone does not 
indicate which base station is transmitting on a particu lar 
channel. 

A handset will scan the bearer channels periodically 
to determine the RSSI information necessary for call set 
up or handover. Once it is determined that a new chan- 
nel is needed either for call set up or for handover, the 
handset uses the RSSI information from the most recent 
scan. 

In order to select a traffic channel the handset must 
identify both the channel and base station. A problem 
may arise when a handset needs to open a communi- 
cation channel through a base station other than the one 
to which it is currently locked i.e. the current base sta- 
tion. This may be necessary, for example, if the current 
base station is at capacity. The problem occurs because 



a handset will typically only look for the strongest base 
station as an alternative to the current base station for 
a new channel. 

Using the RSSI information gathered periodically 

s the strongest base station can be identified by monitor- 
ing the channel with the highest RSSI. A quiet channel 
can be selected on that base station by selecting a chan- 
nel with a low RSSI. In the absence of additional infor- 
mation it is not possible to select a base station other 

10 than the current or strongest base station. Once a hand- 
set has determined that the base station to which it is 
locked is at capacity, it is a matter of chance whether or 
not there is a stronger base station with which the hand- 
set can attempt call set up or handover. If the current 

is base station is the strongest, no other base station can 
be selected. If another base station is stronger and that 
is also at capacity no other base stations can be select- 
ed with the information available to the handset. 

The handset's options for channel selection are, 

20 therefore, limited to channels on the current, or strong- 
est base station if this is different to the current base 
station. This has severe consequences when either the 
current base station is strongest and at capacity or both 
the current and the strongest base stations are at ca- 

25 pacity, as this results in the handset in idle lock being 
unable to make or receive a call. It also means a handset 
in active lock will lose a call-in-progress if the channel 
deteriorates unless this is the result of the handset mov- 
ing out of the range of one base station into the range 

30 of another. 

In accordance with first and second aspects of the 
present invention there is provided a radio handset for 
communication with a selected base station on a select- 
ed channel in a cellular radiotelephone system in which 

35 a bearer is monitored to receive system information from 
a current base station, comprising processing means 
operative to cause identification of a base station with 
which to communicate on a selected channel in re- 
sponse to an indication that a channel on a base station 

40 other than a current base station is sought, by monitor- 
ing respective bearer channels until a bearer transmit- 
ted by a base station capable of allocating a communi- 
cation channel to the handset is detected and a method 
for communication between a handset and a selected 

45 base station on a selected channel in a cellular radio 
telephone system in which a bearer is monitored to re- 
ceive system information from a current base station 
comprising, in response to an indication that a channel 
on a base station other than the current base station is 

so sought, monitoring respective bearer channels until a 
bearer transmitted by a base station capable of allocat- 
ing a communication channel to the handset is detected. 

By providing a method and apparatus for identifying 
additional base stations, additional base stations can be 

55 readily added to a system to increase the number of con- 
current users in a particular area. 

By removing the strongest signal criterion for selec- 
tion of a bearer when a different base station is required, 
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the present invention allows other base stations located 
in the vicinity of the handset to be utilised even if these 
are weaker than the current base station. As a conse- 
quence, calls will not automatically be lost because the 
channel being used deteriorates when the base station 
is at full capacity. Call set up will also not be impeded 
when the closest base station is at full capacity provided 
there are other base stations in the vicinity. 

By waiting for an indication that a channel on a dif- 
ferent base station is sought before identifying a differ- 
ent base station, there is no need to build a list of avail- 
able base stations in advance. By reducing the amount 
of information it is necessary to gather during periodic 
routine scans, scan time and power expended in gath- 
ering information are kept down. In the present invention 
power is only expended to identify an additional base 
station when it becomes necessary. 

The sequence in which the bearer channels are 
monitored to identify a different base station may be the 
order of the signal strength of the channels on which 
they are transmitting. Other criteria for the sequence of 
respective further bearer selection may, however, be 
adopted. 

The identity of a base station is suitably determined 
by receiving identification information in a system infor- 
mation signal from the base station. 

Once a suitable base station has been identified, a 
communication channel with that base station can be 
selected. 

A base station will typically be capable of allocating 
a communication channel to the handset if it has avail- 
able communication channels. 

The identities of base stations determined to be in- 
capable of allocating a channel to the handset are pref- 
erably noted and the identities of subsequently identified 
base stations compared with those noted. Bearer mon- 
itoring continues until a base station capable of allocat- 
ing a communication channel to the handset is identi- 
fied. A cut off period may be introduced by which time it 
is determined that no suitable base station is available. 

As the traffic using a particular base station will vary 
over time, the noted identities are preferably retained for 
a predetermined period only. This can be fixed for a pe- 
riod beginning with the noting of the first base station 
after which all noted identities are erased. A record of 
each base station at full capacity could instead be re- 
tained for the same duration. 

A base station may be considered to be at full ca- 
pacity when the handset is unable to open a communi- 
cation channel through that base station. This will typi- 
cally be when the base station has no available commu- 
nication channels. 

The invention will now be described in greater detail 
with reference to Figures 1 to 6 of the drawings of which: 

Figure 1 is a schematic representation of overlap- 
ping cells of a system of the present invention; 
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Figure 2 is a schematic representation of a handset 
in accordance with the present invention; 

Figure 3 is a schematic representation of a signal 
packet under the DECT protocol; 

Figure 4 is a schematic representation of the RSSI 
information known to a handset; 

Figure 5 is a flow chart illustrating an embodiment 
of the invention. 

Figure 6 is a schematic representation of an Nt mes- 
sage; 



In the described example shown in the drawings, 
the radio telephone system conforms to the DECT (Dig- 
ital European Cordless Telecommunications) standard 
and uses ten carrier frequencies, separated by 1.728 

20 MHz, within a frequency band from 1880 MHz to 1900 
MHz. This system divides time into TDMA frames, with 
each frame having a time duration of 10ms. Each frame 
is divided into 24 time slots, numbered from 0 to 23. 
Each frame is divided into two halves, the first half (slots 

25 0 to 11 ) being reserved for the transmission of the base 
station and the second half (slots 12 to 23) being re- 
served for the transmission of the handset. 

A DECT system typically includes one fixed part 1 , 
several radio fixed parts 2 or base stations, two of which 

30 2a, 2b supporting respective overlapping cells 3a> 3b 
are illustrated in Figure 1, and many portable parts or 
handsets. 4 The fixed part is physically connected to a 
standard wireline telephone system, each radio fixed 
part 2 is physically connected to the fixed part. In a 

35 DECT system the handset carries the algorithm or algo- 
rithms for channel selection in its processor. 

The handset 4 has an antenna 5, a transceiver 6 
and processing means 7 programmed with an algorithm 
which is operative to select a communication channel 

40 with a base station. Information is displayed on a Liquid 
Crystal Display (LCD) 8. 

Most currently manufactured DECT base stations 
contain a single transceiver and are therefore unable to 
open more than a single communication channel, a 

45 combination of time slot and frequency, on different fre- 
quency carriers in the same time slot. A time slot already 
having a traffic channel is 'blind'. This means that al- 
though the number of channels available for selection 
is the number of carriers multiplied by the number of time 

so slots, the maximum number of concurrent users is re- 
stricted to the number of available time slots i.e. twelve. 
The DECT protocol allows for the addition of extra base 
stations to enable more concurrent users in a particular 
area if desired. 

55 The DECT standard includes a blind slot informa- 
tion message sent by a base station to inform the hand- 
set of time slots it should avoid for selecting a channel. 
In addition to slots 'blinded' by the base station, a hand- 
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set 'blinds' channels itself as it is typically unable to 
switch communication channels to a slot immediately 
adjacent to that to which it is currently locked. 

In both idle and active lock, the handset monitors 
signals transmitted by a current base station to receive s 
system information. A signal packet is transmitted each 
frame on active and dummy channels. Each signal 
packet is divided into four fields only one of which trans- 
mits system information. The signal packet structure is 
illustrated in Figure 3. The S-field 10 used for synchro- 10 
nisation, and the A-field 11 used to send signalling in- 
formation in accordance with the DECT protocol are 
both used when locking on. The B-field 12 is used for 
sending speech or data to a system user and the Z-field 
13 is provided specifically for sliding error detection. In '5 
addition to the Z-field, the A and B fields have their own 
error detection sub-fields known as Cyclic Redundancy 
Checks 14 (CRCs). The A-field is 64 bits long with the 
final 1 6 bits providing a error check on the preceding 48 
bits. In idle lock system information is transmitted in 20 
these signal packets by the base station to allow the 
handset to select a channel for call set up. In active lock, 
system information is gathered to allow the handset to 
select a stronger channel for handover if this becomes 
necessary. 25 

In order to select a channel either for call set up or 
handover, information on the RSSI for the channels of 
the system is utilised. In both idle and active lock the 
handset builds a picture of the signal strength of each 
channel. The range of signal levels is typically between 30 
-93dBm and -33dBm. This range can be divided into ten 
levels each covering 6dB. The levels are indicated by a 
number termed a bin value between 0 and 10; 10 indi- 
cating high signal strength and 0 low signal strength. 

Figure 4 illustrates exemplary RSSI channel infor- 3$ 
mation available to a handset in idle or active lock. 

When selecting a channel for either call set up or 
handover the handset will have the RSSI information 
and also the blind slot information relevant to the base 
station it is currently monitoring. It will select a channel 40 
on one of the available time slots on the basis of the 
RSSI information gathered. 

When in active or idle lock the handset will know 
from the blind slot information if the base station to which 
it is locked is at full capacity. As the traffic on any base *s 
station is dynamic, a handset continues in idle lock to a 
base station even if that base station is at full capacity. 
This is because a channel may well be available on that 
base station when call setup is eventually requested. 

To select a channel for handover or call set up the so 
procedure is the same. The handset monitors the cur- 
rently strongest channel 40 (Figure 5) to determine the 
closest base station, and checks that the base station 
meets minimum RSSI requirements 41. If it does not, 
no communication channel is available 42 for handover ss 
or call set up and the process ends 43. If it does, the 
base station transmitting the strongest signal is identi- 
fied 44 and a check is made as to whether that base 



station is on a busy list 45 held by the handset. The busy 
list is a list of base stations previously identified, say dur- 
ing the previous 20 seconds, by the handset to be una- 
ble to allocate a channel. If the base station does appear 
on the busy list the handset selects the channel with the 
next highest RSSI from the channel list 40, and repeats 
the process until a base station not previously identified 
as busy is found. 

For each subsequently identified base station, if it 
does not have an available channel, the RPN of that 
base station is added to the busy list and the process 
continues. 

If the base station is not on the busy list, the handset 
selects a channel on that base station 46 using the RSSI 
information in the channel list of Figure 4 and, where 
available, blind slot information transmitted by the base 
station. If a base station other than the current base sta- 
tion is selected, blind slot information may not be trans- 
mitted by the base station before a channel selection 
attempt is made. In this case the handset selects chan- 
nels using a handover algorithm held in its processor 
until a suitable channel is found or the base station is 
determined to be at capacity. One example of a suitable 
algorithm is described in the applicant's copending ap- 
plication GB 9500799.3. 

The quality criteria for channel selection may be as 
follows: 

1 . The quietest available channel; 

2. If this quietest channel cannot be attempted with- 
in the next three frames (i.e. it is within three carriers 
of the current primary scan of the base station) a 
channel that can be attempted within three frames 
can be selected if it is within 2 bands of the quietest, 
otherwise the quietest is selected. 

If a selected channel is not available 47, the handset 
determines if all potential channels on that base station 
have been tried 48 and if the answer is 'yes' adds the 
identity of that base station to its busy list 49. A handset 
may determine that a base station is at full capacity be- 
cause of blind slot information or, if blind slot information 
is not available, if the handset is unable to find an avail- 
able channel on that base station after a suitable 
number of attempts. 

Under the DECT protocol each base station of a 
fixed part has its own unique Radio Fixed Part Identity 
(RFPI) illustrated in Figure 6. This is broadcast in an Nt 
message in the S field of the signal. The RFPI 60 has 
two parts, a Portable Access Right Identity (PARI) 61 
and a Radio Part Number (RPN) 62. For base stations 
operating from the same Fixed Part the PARI will be the 
same, the RPN will, however, be different. The RPN is 
transmitted by the base station in an Nt message. This 
type of message is received by a handset in both idle 
and active lock. When a base station is determined to 
be at full capacity it is the RPN of the base station that 
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is held in the busy base station list. 

If the handset has determined that there are no 
available channels on a particular base station 46, 47, 
48 the handset monitors the next strongest channel 40 
using the RSSI information held in the channel list, to s 
try to find a new base station and the process is repeat- 
ed. Although in this embodiment of the present inven- 
tion, RSSI scans are suspended during handover or call 
set up, the RSSI scan may optionally be updated during 
handover or call set up. Under these circumstances, io 
channel selection to identify a base station will start with 
the strongest channel each time the RSSI scan is re- 
freshed. Thereafter channels would be monitored in se- 
quence preferably in signal strength order until either a 
suitable base station is found or the RSSI information is ?5 
updated again. 

As the channel allocation pattern is dynamic, a base 
station is likely to be at capacity only temporarily. In one 
suitable embodiment all RPNs are removed from the 
busy list twenty seconds after the RPN of the first busy 20 
base station is entered on the list. This enables a base 
station to be tried again at least every twenty seconds 
by which time it may well have a channel available. Oth- 
er time periods or ways of managing the busy list are, 
however, envisaged. For example, each RPN could be 2s 
removed from the list a fixed period after it is entered. 

Once a channel selected 46 is available 47, the 
channel is allocated 50, and the handset can set up a 
call on that channel if in idle lock or handover to that 
channel if in active lock. 30 

The present invention enables a channel on a new 
base station to be selected without the need to deter- 
mine which base stations are in the vicinity in advance. 
This provides the advantage of both reduced scan time 
and reduced battery consumption for the routine period- 35 
ic scans gathering information for call set up or hando- 
ver. 

The present invention includes any novel feature or 
combination of features disclosed herein either explicitly 
or any generalisation thereof irrespective of whether or 40 
not it relates to the claimed invention or mitigates any 
or all of the problems addressed. 

In view of the foregoing description it will be evident 
to a person skilled in the art that various modifications 
may be made within the scope of the invention in par- 
ticular the invention is applicable for use under other 
protocols including Wireless Customer Premises Equip- 
ment (WCPE) and Personal Handyphone System 
(PHS). 



Claims 

1 . A radio handset for communication with a selected 
base station on a selected channel in a cellular radio ss 
telephone system in which a bearer is monitored to 
receive system information from a current base sta- 
tion, comprising processing means operative to 
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cause identification of a base station with which to 
communicate on a selected channel in response to 
an indication that a channel on a base station other 
than a current base station is sought, by monitoring 
respective bearer channels until a bearer transmit- 
ted by a base station capable of allocating a com- 
munication channel to the handset is detected. 

2. A radio handset according to claim 1 wherein a 
channel on a base station other than the current 
base station is sought if a new channel is needed 
and the current base station is at full capacity. 

3. A radio handset according to claim 2 wherein the 
base station is capable of allocating a communica- 
tion channel if it is not determined to be at capacity. 

4. A radio handset according to claim 2 or 3 wherein 
a base station is determined to be at full capacity 
when the handset cannot open a communication 
channel with that base station. 

5. A radio handset according to claim 3 or 4 wherein 
the identity of a base station at full capacity is noted 
and the identity of each identified base station is 
compared with the identities of noted base stations 
to determine if the base station is at capacity. 

6. A radio handset according to claim 5 wherein the 
identity of a base station at full capacity is stored in 
a busy base station list. 

7. A radio handset according to claim 6 wherein the 
busy base station list is erased periodically. 

8. A radio handset according to any one of claims 5 to 
7 wherein the handset stores the identity of a base 
station at full capacity in the form of identification 
information in a system information signal received 
from that base station. 

9. A radio handset according to any preceding claim 
wherein the radio handset scans the bearer chan- 
nels periodically to determine the signal strength of 
respective channels. 

10. A radio handset according to claim 9 wherein the 
bearers are monitored sequentially in order of sig- 
nal strength. 

11. A radio handset according to claim 9 or 1 0 wherein 
periodic signal strength scans are suspended until 
monitoring of the bearer channels is complete. 

12. A method for communication between a handset 
and a selected base station on a selected channel 
in a cellular radio telephone system in which a bear- 
er is monitored to receive system information from 
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a current base station comprising, in response to an 
indication that a channel on a base station other 
than the current base station is sought, monitoring 
respective bearer channels until a bearer transmit- 
ted by a base station capable of allocating a com- s 
munication channel to the handset is detected. 
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